The African Union's prioritisation of inland fisheries as an investment area for poverty alleviation and regional economic development will require the development of management plans. These should be based on sound knowledge of the social dynamics of the resource users. In South Africa the social dynamics of resource users of inland fisheries have never been assessed. The purpose of this study was to assess the human dimensions of the anglers utilising the fishery in Lake Gariep, South Africa's largest impoundment. The study was based on 357 first-time interviews conducted on the lakeshore between October 2006 and December 2007. Anglers were categorised as recreational (39%) or subsistence (61%) based on their residency, occupation, primary motivation for angling, mode of transport and gear use. Subsistence anglers were local (99%), residing within 10 km of the place where they were interviewed, while recreational anglers included both local resident and non-resident members. The racial composition of anglers was dependent on user group and differed significantly (p ≤ 0.05) from the demographic composition of the regional population. Recreational anglers were predominantly White (≥ 60% of interviews) and Coloured (≥ 25%), while 84% of subsistence anglers were Coloured and 16% Black African. Most recreational anglers had permanent employment or were pensioners while <30% of subsistence anglers were permanently employed. Most recreational users (82%) accessed the lake with their own vehicle while subsistence anglers mainly walked (63%) or used a bicycle (28%). Recreational interviewees either consumed (59%), sold (11%), gave away (10%) or released (20%) some of their catch. Subsistence anglers either ate their catch (53%) and/or sold (41%) their catch. Within the subsistence sector no anglers released fish after capture or gave some of the catch away. We conclude that this inland fishery contributes to the livelihood of the rural poor who use the lake on a subsistence basis and that recreational-angler based tourism may contribute to increased income and employment opportunities through related service industries.
Introduction
South African inland fisheries are considered poorly developed and consist primarily of recreational angling because, historically, subsistence use was limited (Andrew et al., 2000) . The recent identification of inland fisheries by the African Union as a priority investment area for poverty alleviation and regional economic development (NEPAD, 2005) is, however, likely to result in increased efforts to develop these fisheries. Inevitably the long term sustainable utilisation of these fisheries will require the development of management plans and interventions.
The actions of fishermen are at the centre of understanding fisheries resources and open access commons (St Martin, 2001) . Race, gender and motivation to fish may affect the way fish stocks are exploited and, as a result, an understanding of the human dimensions of any fishery is necessary to improve its management (Arlinghaus and Mehner, 2004) .
Worldwide, the paucity of multi-disciplinary information on fisheries is seen as a constraint to the development of effective fisheries management strategies (Neiland et al., 2000) . The situation is no different in the South African context, where the focus of inland fisheries research was predominantly on biological information (Dorgeloh, 1994; Hamman, 1980; Schramm, 1993; Tómasson et al., 1984) rather than on the human dimension (Cadieux, 1980) . Cadieux (1980) recognised the need to identify user trends in Transvaal fisheries in order to have a more holistic approach to management. In an assessment of the need for an inland fisheries policy in South Africa, Weyl et al. (2007) noted that in addition to recreational use, subsistence and commercial fisheries were developing on dams in the Northwest Province. The social dynamics of these user groups have, however, never been assessed for any large South African impoundment (Andrew et al., 2000) .
The purpose of this study was to assess the human dimensions of the anglers utilising the fishery in Lake Gariep, South Africa's largest impoundment, in order to:
• Characterise the user groups of the fishery • Determine whether the fisheries resource was utilised primarily for subsistence or recreational use • Assess if all race groups utilised the fishery equally • Attempt to assess how reliant the local community was on the resource.
Materials and methods

Study area
Lake Gariep (S30 38.703, E25 46.998 (±150 beds; Carey, 2008) , and falls under the Venterstad administration. The 2 settlements are therefore discussed as one. A summary of the social dimensions of the municipal areas of these 2 settlements, determined during the 2001 national census (Statistics South Africa, 2003) , is provided in Table 1 .
Questionnaire survey
Both 35 km long fishing areas, GDFA and VSFA, were surveyed on a bi-monthly basis between October 2006 and December 2007. Each area was surveyed for 1 week during which sampling was conducted on 3 randomly-selected weekdays and on both weekend days. The VSFA sampling region was divided into 2 strata of approximately equal size for sampling, and on each sampling day a stratum was randomly selected and all anglers within that stratum interviewed using a semi-structured questionnaire survey. The questionnaire was designed to determine:
• Origin of the anglers • Angler demographics (race/gender/age) • Primary motivation for angling (sale/recreation/subsistence) • Means of transport used to get to the lake (walk, bicycle, lift, own vehicle) • Occupation (unemployed, permanent, part-time, pensioner, student/scholar) • Gear types (hand line or fishing rod).
As some anglers were encountered more than once, each was asked whether they had been interviewed before. To avoid responses from local anglers being overemphasised, only firsttime interview data were used in all analyses. 
Results
A total of 621 angler interviews were conducted between October 2006 and December 2007. Of these, 145 first-time interviews were conducted in GDFA and 212 in VSFA.
Characterisation of subsistence and recreational anglers
Exploratory analysis of our data was used to define the sectors utilising Lake Gariep according to:
• Occupation • Primary motivation for angling • Mode of transport used to access angling area • Distance travelled • Angling gear used (Fig. 2) .
Based on this, participants could be separated into 2 user groups: subsistence and recreational anglers, as defined in Table 2 . The utilisation patterns and characteristics of these groups are summarised in Table 3 (next page) .
The proportion of recreational to subsistence anglers differed by area (χ 2 test of independence: χ 2 = 66, df = 2, p ≤ 0.05). In GDFA 74% of interviews were conducted with recreational anglers while in VSFA subsistence anglers dominated (80% of interviews). In both areas subsistence anglers were local (99%), residing within 10 km of the place where they were interviewed. Recreational users comprised both local resident and non-resident members. The proportions of resident recreational anglers, (those residing within 10 km of the fishing area) differed significantly between GDFA and VSFA. At GDFA recreational users were mostly tourists with only 32% residing within 10 km of the place of interview while in VSFA recreational anglers were mostly resident with > 80% residing within 10 km of their angling area.
Fisher demographics
The demographic characteristics are summarised in Table 3 . Race was dependent on user group in both regions (χ 2 test of independence -GDFA: χ 2 = 66, df = 2, p ≤ 0.05; VSFA: χ 2 = 259, df = 2, p ≤ 0.05) and differed significantly from the demographic composition of the settlements (χ 2 test of independence: χ 2 = 231, df = 2, p ≤ 0.05). In both regions recreational anglers were predominantly White (≥ 60% of interviews); Coloured anglers comprised ≥ 25% and Black African anglers made up less than 15%. This differed from the subsistence sector where more than 84% were Coloured and 16% were Black African. Recreational angling was also an adult male-dominated activity (76% of interviews), with women and children making up 16% and 8% of interviews, respectively. Anglers in the recreational sector were fairly evenly distributed between the ages of 20 and 70 years old, with anglers between 40 and 60 years old being the dominant group. The majority of ), and are reliant on the resource for food and as a primary or supplementary source of income. 680 subsistence anglers were adult men (84% of interviews); 10% were women and 6% children under the age of 10 years. The age-frequency distribution of anglers did not differ by sector or area (Kolmogorov-Smirnov Test: p > 0.05). The age-frequency distribution of subsistence anglers from both areas was bimodal with 1 mode at ages between 20 and 40 years and a 2 nd mode between 40 and 60 years (Table 3 ). In the recreational sector, VSFA had a higher frequency (38%) of older (> 60 years old) anglers than GDFA (7%).
Handlines consists of a flexible wire with a large diameter (> 0.30 mm) nylon line attached to it. The wire is lodged into the ground and the line is cast with a swinging circular motion overhead and then released. When cast, a bell constructed of a sawn off aerosol can with a rattle, is attached to the line.
Occupation and employment rate
For anglers in both areas, occupation was dependent on user group (χ 2 test of independence -GDFA: χ 2 = 43, df = 3, p ≤ 0.05; χ 2 test of independence -VSFA: χ 2 = 59, df = 2, p ≤ 0.05). In GDFA, recreational anglers were predominantly employed (78%), with a further 12% being pensioners. In VSFA, however, recreational anglers were predominantly pensioners (46%), a further 26% had permanent employment, and a small portion consisted of either students or scholars. Subsistence anglers in both areas had high unemployment rates (63% in VSFA and 40% in GDFA), which was consistent with regional trends (Table 1 ). In GDFA 30% of subsistence anglers had a permanent job while in VSFA only 12% of subsistence anglers had some sort of stable employment. Casual work was engaged in by 10% of GDFA and 14% of VSFA subsistence anglers (taking part-time jobs when available). Pensioners made up 17% and 3% of GDFA and VSFA subsistence anglers respectively.
Transport
The mode of transport differed between user groups (χ 2 test of independence: χ 2 = 181, df = 3, p ≤ 0.05). Most recreational users (82%) accessed the Lake with their own vehicle, 15% caught a lift and only 3% walked. Subsistence anglers predominantly walked to access the resource (63%), few owned a bicycle (28%) and some caught a lift (9%) from a vehicle owner.
Fate of fish
The fate of caught fish was dependent on user group (χ 2 test of independence: χ 2 = 231, df = 3, p ≤ 0.05). Fifty-nine per cent of recreational interviewees consumed the fish they caught, 11 % sold a fraction of their catch, 10% gave some away and 20% released some of their catch. Subsistence anglers either ate their catch (53%) and/or sold (41%) their catch. Within the subsistence sector no anglers released fish after capture or gave some of the catch away. 
Discussion
The complexity of the Lake Gariep fishery was highlighted by the diversity of user groups, races and origins of anglers using the lake (Table 3) . Despite regional differences in user group dynamics, overall utilisation of the fishery was dominated by subsistence anglers. This exemplifies the development of subsistence inland fisheries in South Africa. Although there were some exceptions, in the context of Lake Gariep, subsistence anglers were local residents that did not have other employment, walked to the lake to fish with hand lines and ate or sold what they caught. Although in many instances worldwide subsistence fishing is part of a diverse livelihood strategy and is carried out in conjunction with other activities such as agriculture (Cerdeira et al., 2001) , most subsistence interviewees responded that they lacked alternative income sources. The lack of alternative employment by subsistence anglers indicates that fishing may be seen as a last resort activity, practised by the poorest people (Smith et al., 2005) . This is further supported by the high (70%) unemployment rate among subsistence fishers which was much higher than that in the general population in the area (33%, Table 1 ).
The primary motivation for subsistence anglers was for food and no interviewee responded that they sold their entire catch. Many, however, indicated that surplus catch was sold and therefore the fishery not only provides food security opportunities but also contributes to income generation. The consumption of caught fish and the revenue provided by selling fish are important commodities in many rural communities (Neiland et al., 2000) .
Entry costs into the fishery resource are minimal, with the total cost of a hand line approximating ZAR20 (100 m of monofilament line = ZAR10; wire = ZAR 2; hooks = ZAR8; Ellender, 2009) and access being gained mainly by walking or by using bicycles. The use of low-cost transport to access the resource is ubiquitous with subsistence fisheries worldwide (Branch et al., 2002; Brown and Toth, 2001 ). The fishery is therefore highly accessible to the rural poor and appears to provide an important safety-net for food security.
Despite the availability of this resource, our results on ethnic participation support previous observations by Andrew et al. (2000) that fishing is not a traditional activity for all ethnic groups. While all race groups had similar access opportunities to the resource, the proportion of Black African subsistence anglers in the fishery was significantly lower (15%), and of Coloured anglers higher (84%), than would be expected from the ethnic demography of the region (73% Black African, 18% Coloured; Table 1 ). Accordingly, the same was true for recreational angling which was a White-dominated activity.
The characteristics of the recreational sector differ considerably from the subsistence sector in GDFA, where recreational anglers had a similar age structure to that of the subsistence anglers, but were all employed, while in VSFA recreational anglers were predominantly retirees (> 60 years old). Regional differences in utilisation trends, a common phenomena for recreational fisheries (Arlinghaus and Mehner, 2004) , were observed. While most recreational anglers from both regions consumed a portion of their catch, recreational anglers from VSFA never released their catch. In the GDFA catch and release fishing was more common because many anglers in this area were tourists and therefore lacked storage facilities. In the VSFA recreational anglers were resident retirees who could store their catch at home (in freezers or fridges) for later consumption, or who had the contacts to sell it locally to subsidise fuel and fishing tackle expenses. As a result, the VSFA recreational angler differs from subsistence users only in having a source of income (pension) and wealth (indicated by the possession of a vehicle).
Increasingly, the socio-economic benefits derived from inland recreational fisheries, for both anglers and the wider communities, are being recognised (Peirson et al., 2001) . The GDFA recreational angler is generally a visitor, residing > 10 km from the resource, who may use the tourism-focused service industry in the settlement. While the estimation of economic benefits from tourism was beyond the scope of this study, visits by recreational anglers undoubtedly contribute to increased income and employment opportunities through related service industries such as guesthouses, hotels and other tourism-related activities.
Conclusion
Increasingly, South African inland water bodies have been identified as vehicles for development (Andrew et al., 2000; Nicolaai and Jooste, 2002; Weyl et al., 2007) . The continued existence and expansion of inland fisheries relies on better understanding the multiple needs that fisheries are able to satisfy rather than concentrating on a specific role that they may fulfil, such as economic gain (Wedekind et al., 2001) . This is particularly applicable to Lake Gariep where user groups form a heterogeneous mix of recreational and subsistence anglers, races and classes. Of particular importance is the recognition that this inland fishery contributes to the livelihoods of the rural poor who use the lake on a subsistence base. This requires recognising the importance of management and fisheries development plans for the lake. For example, the development of a large-scale commercial fishery may result in competition for market share, which in turn might negatively affect subsistence anglers and their livelihood opportunities. If a commercial fishery was to be initiated, mitigation options to decrease competition with the subsistence sector, such as export-only or preferential purchase from subsistence anglers at current market price, would need to be investigated. Further, if South Africa intends addressing the need to develop an inland fisheries policy (Weyl et al., 2007) , subsistence user rights will require similar recognition and entrenchment in policy as afforded to marine subsistence anglers by the Marine Living Resources Act (No. 18 of 1998) and the Draft Policy for the Allocation and Management of Medium Term Subsistence Fishing Rights (DEAT, 2008) .
